Procedures
for carrying out these tests are subject to wide variation from one laboratory to another. Accordingly, detailed descriptions of the procedures for each method, as carried out in our laboratory, are given in the following paragraphs.
In all cases the results were graded as follows in a laboratory brightly lighted with fluorescent light: Negative, clear; trace, faint turbidity or ring; Small: 1+, turbidity or ring easily seen from side, 2+, particles beginning to flocculate, ring barely visible from above; Large: 3+, definite flocculent particles, ring easily visible from above, 4+, practically solid, thick opaque ring.
SULFOSALICYLIC ACID TEST
This test was carried out using Bumintest. ' This reagent is supplied in tablets which contain 400 mg. of sulfosalicylic acid and 56 mg. of sodium bicarbonate.
When the tablets are placed in water they effervesce and rapidly dissolve.
The working reagent is made by adding 4 tablets to 30 ml. water to give a final concentration of approximately 5 per cent sulfosalicylic acid. Equal quantities of reagent solution and urine (from 0.5 ml. to 1 ml. of each) are mixed in a small test tube. The tube is shaken gently and the reading made immediately.
The amount of protein is indicated by the degree of turbidity.
NITRIC ACID RING. TEST
Approximately 1 ml. of concentrated nitric acid is placed in a small test tube. An equal quantity of urine is stratified on top of the acid, and the interface of the solutions observed at 2 or 3 minutes for a ring of white turbidity.
The amount of protein present is estimated by the degree of turbidity.
HEAT AND ACETIC ACID TEST
A small narrow Pyrex test tube is two-thirds filled with urine (approximately 5 ml.). The upper portion of the urine is heated to boiling over a micro burner.
Three drops of 1 per cent acetic acid are then added and mixed gently with the heated portion of the urine. The upper portion of urine is heated to boiling again. Any turbidity remaining or appearing after acidification and reboiling is due to protein.
The amount of turbidity is proportional to the amount of protein present in the urine.
EVOLUTION OF THE NEW COLORIMETRIC METHOD
Sorensen (1), in 1909, noted that the presence of protein in a solution caused certain pH indicators to exhibit altered colors from that which they would have at the same pH in the absence of protein. This phenomenon has been called "the protein error of indicators" and has caused a considerable amount of difficulty to biochemists attempting to measure the pH of body fluids with indicators.
In the present color tests this phenomenon has been utilized to detect protein.
A buffer of such a pH is employed so that a selected indicator will just barely be on one side of the p11 range at which it changes color, 1Buinintest
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ClinicalChemistry usually the acid side. In the presence of protein the indicator, as a result of its "protein error," will exhibit the color it has on the other side of the pH range of color change, usually the alkaline side. This occurs even though the pH is maintained constant by the buffer. In order to increase the sensitivity of the color test a means of concentrating the protein from urine is employed. By using cellulose powder or bibulous paper, which is also cellulose, protein can be adsorbed on the surface of the material and thus be made available in increased concentrations for the color reaction. From the principles of concentration by adsorption and "protein error of indicators "two forms of the colorimetric test have evolved. One of these, which is a tablet test, has been described by Fonner and Collins (2) and the other, which is a strip test, is herein described.
COMPOSITION AND PROCEDURE FOR ALBUTEST
A tablet consisting of bromphenol blue, salicylate buffer at pH of approximately 3, and cellulose is prepared on a mechanical tablet press. The tablet is placed on a clean surface and one drop of urine is placed on the tablet. After the urine drop has been absorbed, two drops of water are placed on the tablet. The color of the top of the tablet is then compared with the colored photograph which is supplied with the direction sheet. The colored photograph shows 4 tablets with reactions representing negative, ± (5-15 mg./100 ml.), 1+ (20-100 mg./100 ml.), and 3+ (100-500 mg./100 ml.).
Positive:
If protein is present in the urine sample, a blue-green spot will remain on the tablet surface after addition of the water. The amount of protein present influences the intensity of the blue-green spot.
Negative: If no protein is present, the original color of the tablet will not be materially changed at the completion of the test.
COMPOSITION AND PROCEDURE FOR ALBUSTIX8
Thick bibulous filter papers are impregnated with a solution supplying tetra bromphenol blue and citrate buffer at approximately pH 3. The impregnated strips are dried in an oven. To perform a test with the strips, the yellow end is dipped in the urine sample or moistened in the urine stream at the time of urination.
The color of the dipped end is compared with the color chart supplied with the product. This chart shows a yellow block for negative, and 4 shades of green to blue colors representing protein concentrations of 30, 100, 300, and over 1000 mg. per 100 ml. In tabulating results for comparison with other tests, reactions giving colors less than the 30 mg. per 100 ml. color, but definitely greener than the negative color, are called trace; reactions giving colors matching the 30 or 100 mg. per 100 ml. color blocks or in between the two are called small; and reactions giving a color most closely matching the 300 mg. protein per 100 ml. color block or darker are called large.
EXPERt MENTAL In order to evaluate the behavior of the new colorimetric tests they were compared with one or more of the turbidimetric methods in several types of experiments.
These included comparative studies with different tests on urines from healthy subjects, studies on random urines from hospital patients, and studies on urines with added protein. Testing was carried out by both experienced operators (technicians who were familiar with urinalysis procedures including protein testing) and inexperienced operators (including secretaries, IIbrarians, stenographers, and chemists unfamiliar with clinical testing procedures). Table 1 presents data obtained on 1371 urine samples from 804 healthy subjects, and 567 random hospital patients.
STUDIES OH RANDOM URINES (HEALTHY SUBJECTS AND HOSPITAL PATIENTS)
In this series the colorimetric tablet test was compared with the sulfosalicylic acid test. Both tests were negative in 1219 instances, and both tests were posi- tive in 85 instances. Sixty-three urines (4.6 per cent of the total number of urines) gave trace reactions with one test and negative with the other. Nearly all of these were trace reactions with the turbidimetric test and negative with the colorimetric tablet test. Significant disagreement between the two tests occurred in four instances. One of these was due to the presence of nonprotein metabolite of radiopaque x-ray contrast medium for gallbladder visualization in the urine, which resulted in a false-positive reaction with the sulfosaiicylic acid test but a correct-negative result with the tablet color test. Two other disagreements between the sulfosalicylic acid test and the tablet test occurred with urine samples which contained the metabolite of tolbutamide.
This compound gives a false-positive reaction with sulfosalicylic acid but it does not react with the tablet. The fourth urine gave a strong reaction with the sulfosalicylic acid test and a negative reaction with the tablet.
Study of this urine was limited by its small amount, and there was nothing in the patient's history to account for the discrepancy. Table 2 presents the results of a study of 778 random urines from healthy subjects and hospital patients which were tested with the colorimetric strip test and with the sulfosalicylic acid test. Results were comparable to those obtained when sulfosalicylic acid and the tablet were studied. Six hundred and thirty urines were negative with both tests, whereas 77 urines were positive with both tests. In this experiment 5 urines gave results which disagreed.
Here again one urine containing excreted metabolite of radiopaque medium for gallbladder visualization gave a false-positive with the sulfosalicylic acid precipi- tests with sulfosalicylic acid and correct-negative strip tests. Two urines that were correctly negative with the sulfosalicylic acid test gave 1+ reactions with the strip test-namely, a value of 30 mg. Both of these urines were highly buffered alkaline urines which will give false positive reactions with the strip test.
STUDIES ON URINES WITH ADDED PROTEIN
In order to compare the performance of the colorimetric strip test and the colorimetric tablet test, a series of experiments were carried out, using both experienced and inexperienced operators.
To urines which were negative with both colorimetric tests, bovine albumin was added to give concentrations of 10, 30, 100, and 300 mg. per 100 ml. Each sample was given a code number and all of the tests were done as blinds, with each operator doing a single test on each sample. Sixteen hundred and eighty tests were done by 18 operators. Table 3 shows the distribution of results obtained with each concentration of protein with each of the colorimetric tests. It is obvious from these data that the two tests are similar.
COMPARISON WITH OTHER PROTEIN TESTS
In order to compare the performance of the colorimetric tablet test with the performance of common turbidity tests a series of unknown urine samples, many of which contained added bovine albumin, were submitted to both experienced and inexperienced operators. Figure  1 shows results obtained by two experienced operators with the sulfosalicylic acid test, the nitric acid ring test, and the heat and acetic acid test. A total of 3408 values were obtained over a period of several weeks, with a few tests being done each day with each method. It will be observed that the results obtained with the tablet test in this series were satisfactory, being slightly superior to those obtained with the other three tests.
A second series of comparative blind tests, using negative urines and samples which contained added bovine albumin, was carried out, using inexperienced operators who were unfamiliar with all of the tests. The procedure for each test was provided in written form to each operator.
Results obtained in this series are shown in Fig. 2 . It is evident that the precision with all 4 tests is considerably less than that obtained by the experienced operators. The inexperienced operators classified more of the negative urines as "trace" with the tablet test than with any of the other procedures.
In urines with 10 mg. per 100 ml. of added protein the detection of protein was more readily achieved with the tablet test than with any of the three turbidimetrio procedures. Significantly better detection of protein at the 20 mg. per 100 ml. level and at the 30 mg. per 100 ml. level was also obtained with the tablet test. Classification of 300 mg. per 100 ml. of protein as a large amount was more consistent with the tablet than with the turbidity tests. A similar comparison of the colorimetric strip test with the turbidity tests has not been made on the magnitude of the experiments shown in Fig. 1 and Fig. 2 . Data shown in Table 3 , in which blind tests by experienced and inexperienced operators resulted in similar values with the tablet test and the strip test, suggest that the performance of the strip is comparable to the tablet.
SPECIFICITY
The specificity of the colorimetric tests is indicated by comparison with common turbidity tests in a large series of random urines. The specificity was also evaluated by investigating a number of substances which might be suspected of giving a possible false-positive reaction with either the tablet test or the strip test. The reactivity of several proteins and protein split products has also been studied. The results of specificity experiments are summarized in Table 4 . In a series of over 2000 random urines from hospital patients and healthy subjects, no instance was found where the tablet test was clearly positive and the turbidity tests negative.
This provides indirect evidence that urinary metabolites of commonly used drugs which can be expected to be present in random urines from hospital patients do not give false-positive reactions with the colorimetric tests. Two urines were encountered which were alkaline and strongly buffered, and these reacted with the strip but not with the tablet or turbidity tests. In comparison, inetabolite of x-ray contrast medium for gallbladder visualization and tolbutamide metabolite gave strong false-positive reactions with the turbidity tests, but correct-negative results with the colorimetric tests. In Table 4 are shown proteins which react with the tablet and the strip. On a weight basis, globulin is about one half as reactive as albumin. It is of interest that both hemoglobin and Bence Jones protein react with the colorimetric strips and tablets. In the case of enzymatic protein digests a small residual reactivity remains, but with either trypsin or pepsin proteolysis of albumin the activity after digestion is only 2 or 3 per cent of what it was before digestion. Similarly, purified urinary mucoprotein has a low activity which is only about 3 per cent as great as that of albumin.
Calculations indicate that it would require a tenfold increase above normal urinary mucoprotein (3) in order for it to react with the colorimetric tablet or strip.
Since an acid-base indicator is present in both the strip and the tablet, it is important to establish the reactivity of the colorimetric tests with urines which are highly alkaline.
Numerous trials have been made on this point, and in all instances the most alkaline urine that can be obtained from human subjects ingesting alkali and restricting their fluid intake shows no reactivity with the tablet unless protein is present.
Such urines containing no protein do show reactions with the strip comparable to that obtained with 30 mg. of protein in 100 ml. of urine. Unless a urine is highly buffered it will not give a positive reaction with the strip, even though it may have a pH as high as 8.
One urine sent to our laboratory gave an unusual reaction with the strip test. This urine, which was freshly voided, came from a patient with cystitis and urinary retention, had a pH of approximately 9.5, and effervesced when tested with sulfosalicylic acid or with either of the colorimetric tests. The specimen contained protein, but because of its high alkalinity did not precipitate with sulfosalicylic acid. The color reaction of the strip was exaggerated by the alkalinity of the sample and the effervescence with the tablet distorted its usual ap. pearance.
Several polymers such as Dextran, polyvinylpyrollidone and inulin were all studied by addition to urine, and polymer added to each sample gave completely negative results with the tablet and the strip. Certain dyes or pigments which appear in the urine such as Pyridium, Serenium, metabolite of chlorpromazine, promazine, and methylene blue may give confusing results with turbidity tests for protein. None of these gave any difficulty with either the strip or the tablet.
STUDIES WITH TURBID URINES
Twelve per cent of a series of urine samples collected from hospital patients showed some turbidity at the time they were voided. When the urines were allowed to stand at room temperature for approximately 6 hours, the number of turbid specimens increased to 20 per cent. Refrigeration at 40#{176}F. resulted in 38 per cent of the specimens showing turbidity.
There was not a significant change in the number of turbid samples when they were returned to room temperature, but there was a decrease in the degree of turbidity in many of the samples. Where facilities for centrifuging or filtering urines are at hand, turbidity can be overcome in the majority of instances, but in some cases it is still a problem.
One of the big advantages of the colonmetric tests is the fact that they can be used on turbid urines to obtain correct results.
A series of turbid urines were collected and to aliquots of these, bovine albumin was added. Experienced operators carried out approximately 200 blind tests on these samples with the sulfosalicylic acid test, and a comparable number with the colorimetric tablet test.
negative sample is tested along with an aliquot of the same sample containing added protein, it is possible to distinguish by either turbidity or colorimetric tests amounts of added albumin as small as 1 to 4 mg. per 100 ml. of urine. This observation is of theoretical interest, but does not give an indication of the practical sensitivity of any of these tests.
TIME OF PERFORMANCE
Persons familiar with each of the tests carried out a series of 10 tests with each of the methods.
A Experiments with approximately 5000 urines, taken from both hospital patients and normal subjects, reveal that these tests are simple, rapid, accurate, sensitive, specific, and capable of being used with turbid urines.
